Abstract-In this paper, a compact phase-shifting unit based on reconfigurable defected microstrip structure (RDMS) is used to provide controllable phase shift for a 1 x 4 phased array antenna.
I. INTRODUCTION
Phase shifters are the key devices in phased array antennas [1] , and usually a large number of them are employed in phased array antennas. Therefore, the cost, size, and integra tion method of the phase shifters are of great concerns [2] .
In phased array systems, the most widely used phase shifters are the diode phase shifters [3, 4] and ferrite phase shifters [5] . However, diode phase shifters usually suffer from high insertion losses [6] , whereas ferrite phase shifters are relatively bulky and heavy [7] .
A novel reconfigurable defected microstrip structure (RDMS) was proposed in [8] for phase shifter design, and its application in phased array antennas was demonstrated.
The RDMS-based phase shifters have the advantages of low loss, low cost, and are easy to fabricate and to integrate with microstrip systems. However, the size of the phase shifters is relatively large, which substantially increases the size of the phased array antenna. In [9] , a modified RDMS was advocated with smaller size. However, its application in the phased array antennas was not presented. This paper describes a followed-up work based on the RDMS proposed in [8] . In this work, a 1 x 4 planar microstrip phased array antenna has been constructed employing specifically designed RDMS phase shifters. The antenna is also fabricated and tested to validate the design. The RDMS has two configurations when the diodes are turned "on" and "off", namely the "On" and "Off' states, respectively. The paths for the currents to go through the RDMS in the two states are different. In the "On" state, the RDMS behaves like a conventional microstrip line and the currents concentrate at the edges. In the "Off" state, the currents flow through the middle capacitors since the current paths at the edges are blocked by the diodes, which results in a longer current path and produces phase shift. The phase-shifting value of the RDMS is determined by three key dimensions, Wsiot, Lsiot, and d.
II. THEORY OF THE RDMS PHASE-SHIFTING UNIT
In this paper, the RDMS is designed to provide progressive phase shifts for an antenna array. It is concluded that similar performance is achieved but the size of antenna is only 45% of the one presented in [8] due to the new RDMS with the reduced size. Therefore, the RDMS not only has the advantages of the low loss, low cost, ease of control and fabrication, but also has a small size, which makes it an excellent phase-shifting unit in phased array antennas.
